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FOREWORD 


This Indian Standard (Part 5) was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Stones Sectional Committee had been approved by the Civil Engineering Division Council. 


Building stones are available in large quantity in various parts of the country and to choose and utilize them for 
their satisfactory performance, it is necessary to know the various strength properties determined according to 
standard procedure. The standard (IS 1121) covering compressive, transverse and shear strength properties was 
published in 1957 and was subsequently revised in 1974 and 2013. Accordingly, the 1974 revision was issued in 
four parts covering: 


Part 1 Uniaxial compressive strength 
Part 2 Transverse strength 

Part 3 Indirect tensile strength 

Part 4 Shear strength 


All four parts of IS 1121 are being revised. In doing so, this standard (Part 5) namely, is being introduced. 


The major provisions incorporated in this standard: 


a) Procedure for selection of samples for testing and its conditioning; 

b) The apparatus and procedure for testing the flexural strength of the sample; 
c) The calculations required for evaluating the flexural strength; and 

d) A sample test report. 


This standard contributes to the United Nations Sustainable Development Goal 11 “Sustainable cities and 
communities’ towards strengthening the efforts to protect and safeguard the world’s cultural and natural 
heritage. 


In preparation of this standard, assistance had been drawn from ASTM C1352/C1352M - 21 The standard 
for standard test method for flexural modulus of elasticity of dimension stone. 


The composition of the Committee responsible for formulation of this standard is given in Annex B. 


In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or 
calculated, is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical 
values (second revision)’. The number of significant places retained in the rounded off value should be the same 
as that of the specified value in this standard. 
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DETERMINATION OF STRENGTH PROPERTIES OF 
NATURAL BUILDING STONES — METHODS OF TEST 
PART 5 FLEXURAL MODULUS OF ELASTICITY 


1 SCOPE 


This standard (Part 5) lays down the procedure for 
determination of flexural modulus of elasticity of 
natural building stones used for constructional 
purposes. 


2 REFERENCE 


The standard given below contains provision, 
which through reference in this text, constitutes 
provision of this standard. At the time of 
publication, the edition indicated was valid. All 
standards are subject to revision and parties to 
agreements based on this standard is encouraged 
to investigate the possibility of applying the most 
recent edition of this standard: 


IS No. Title 


IS 9179:1979 Method for preparation of rock 
specimen for laboratory testing 


3 SELECTION OF SAMPLES 


3.1 The sample shall be selected to represent a 
true average of the type or grade of stone 
under consideration. 


3.2 The sample shall be selected from the 
quarried stone or taken from the natural rock, as 
described in 3.2.1 and 3.2.2 and shall be of 
adequate size to permit the preparation of the 
requisite number of test specimens. 


3.2.1 Stones from Ledges or Quarries 


The ledge or quarry face of the stone shall be 
inspected to determine any variation in different 
strata. Differences in colour, texture and structure 
shall be observed. Separate samples of stone of 
adequate size of the unweathered specimens shall 


be obtained from all strata that appear to vary in 
colour, texture and structure. Specimens that have 
been damaged by blasting, driving wedges, 
heating, etc shall not be included in the sample. 


3.2.2 Field Stone and Boulders 


A detailed inspection of the stone and boulders over 
the area shall be made where the supply is to be 
obtained. The different kinds of stones and their 
conditions at various quarry sites shall be 
recorded. Separate samples for each class of stone 
that would be considered for use in construction 
as indicated by visual inspection shall be selected. 


3.3 When perceptible variations occur in the 
quality of rock, as many samples as are 
necessary for determining the range in properties 
shall be selected. 


4 TEST SPECIMENS AND CONDITIONING 


4.1 Test specimens shall be made from samples 
selected in accordance with 3 and shall be 
block/prism of size 350 mm x 100 mm x 30 mm. 
The test specimens shall be measured at the 
broken section. The width and thickness shall be 
measured to the nearest 0.2 mm at mid of the 
broken section. 


4.2 When it is required to test the sample at job 
thickness, width of the specimen shall be 
1.5 times the depth of the sample subject to 
minimum 100 mm and length shall be 10 times the 
sample thickness + 50 mm (see Fig. 1). 


NOTES 


1 The values obtained on non-standard specimens as per 4.2 
shall not be compared with the values measured in standard 
size specimens as per 4.1. 


2 Job thickness is the actual thickness of the stone 
which will be used by the client. 
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where 


1 = 10t + 50 mm (Max 350 mm); 
b = 1.5t (Min 100 mm); and 


t =30 mm or actual job thickness, whichever is less. 


FIG. 1 SAMPLE SIZE 


4.3 The load-bearing surfaces shall be prepared in 
accordance with 189179. 


4.4 The specimen shall have the direction of the 
plane of anisotropy (that is, foliation, cleavage, 
rift, bedding etc) perpendicular to the plane of 
loading. 


4.5 Five test specimens shall be used for 
conducting the test in each of the conditions 
mentioned in 4.5.1 and 4.5.2 separately. 


4.5.1 The test specimens shall be saturated by 
vacuum saturation by immersing in water 
maintained at 20 °C to 30 °C in an evacuation 
vessel under a vacuum of about 50 mm of Hg to 
100 mm of Hg. Specimens shall be initially 
immersed continuously for about 4 h to 5 h in 
vacuum and then its mass is measured at an interval 
of 1 h (sample being replaced back in evacuation 
vessel after weighing) till constant mass. Constant 
mass is considered to have achieved when two 
consecutive hourly measurement of mass do not 
vary by more than 0.1 percent of the saturated 
mass. Vacuum may be created by a suitable air 
suction pump. 


4.5.2 The test specimens shall also be tested in a 
dry condition and shall be dried in an oven at 
70 °C +5°C for 48 hand cooled in a desiccator to 
room temperature (20 °C to 30 °C). Constant 
mass is considered to have been achieved 
when two consecutive hourly measurements of 
mass do not vary by more than 0.1 percent. 


5 APPARATUS 


A suitable arrangement of loading and supporting 
sample is shown in Fig. 2. Location for the 
displacement gauges shall be as per Fig. 2. 
Displacement gauges shall have least count 
0.002 mm. A suitable load frame which can apply 
the required load accurate to 0.01 kN. 


6 PROCEDURE 


6.1 Each test specimen to be tested shall be evenly 
supported upon two self-aligning bearers 25 mm in 
diameter, the distance between the centres of 
bearers being 300 mm. The supporting condition 
of the bearers shall be as per the Fig. 2. Loading 
is applied through two loading rollers spaced at 
100 mm from each support (equally loaded at 
L/3). 


6.2 Preload the sample twice to maximum of 
50 percent of the expected ultimate flexural strength 
and then back to zero. Note the readings of all 
gauges at preloading of 0.05 kN. 


6.3 Apply the load up to 10 percent of the expected 
ultimate flexural strength and record the 
corresponding displacement of all four gauges. 
Increase the load to second stage of loading and note 
the displacement reading. Repeat the stages till the 
sample fails. 


6.4 Measure the width and depth of the sample at 
failure section accurate to 0.2 mm. 


MID-SPAN DEFLECTION 
GAUGES AT EDGES (2) 


@ 25 mm SUPPORT 
AND LOAD APPLYING 


BLOCKS ES 


BED OF TESTING 
MACHINE 
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APPLIED LOAD (W) 


SUPPORT 
GAUGES (2) 


FIG. 2. DIAGRAMMATIC VIEW OF A SUITABLE APPARATUS FOR FLEXURAL MODULUS OF ELASTICITY OF STONE 


7 EVALUATION AND REPORT OF TEST 
RESULTS 


7.1 From the observation table, calculate the mid 
span deflection for each stage loading from equation 


A= (= + = ( + = 
u 2 2 


where 


A = average net mid span deflection, 
in mm; 

Acı & Ac,=mid pan deflection either side of 
sample in mm; and 


Ası & As, = support deflection at mid width of 
sample, in mm; 


7.2 Plot a load-deflection curve on a convenient 
scale. Plot a straight line for the nearest straight 
potion of the graph. If the graph does not pass 
through the (0,0) coordinate draw a line through 
(0,0) parallel to the original plot. 


7.3 Calculate the flexural modulus of elasticity E, 
using the values of W and A from the co-ordinates 
of any convenient point on the corrected line using 
equation: 


_ _@3WI}) 
(108 A bd) 


where 
E = flexural modulus of elasticity, in MPa; 
W = total load applied to the sample, 
in N, at that point; 


L = length of span, in mm; 

b = width of sample, in mm, at the broken 
section; and 

d = depth of sample, in mm, at the broken 
section. 


7.4 The individual and average of all the five 
results (separately for saturated and dry condition) 
shall be taken for the purpose of determining 
transverse strength of the sample. The individual 
and average of the five valid test results in each 
condition separately (see 4.5) shall be taken for 
purposes of reporting. The transverse strength of 
the sample having individual variation more than 
+ 15 percent of the average result shall be considered 
as invalid. Additional samples shall be tested to 
replace the invalid test result. 


7.5 The flexural modulus of elasticity of the 
sample shall be expressed in MPa and shall be 
reported to three significant figures (x 10°) in MPa. 


7.6 Identification of the sample, date when the 
sample was taken and type of stone shall be noted. 
A sample format of test report is attached at 
Annex A. 


7.7 The size and shape of the test specimen used 
in the test shall be indicated. 
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ANNEX A 
(Clause 7.6) 


SAMPLE OBSERVATION SHEET FOR FLEXURAL MODULUS OF ELASTICITY TEST OF 


Inward No.: 


STONES 


Sample No.: 


Sample pre-treatment for Saturated conditions: 


Date: 


Sub sample no. 


1 


Mass of sample in saturated surface wet condition 


2 3 


Final mass in SSD 
condition. 


01 


02 


05 


Sample pre-treatment for dry conditions: 


Sub sample no. 


Mass of sample in hot condition 


2 3 


Final mass after 


cooling 


06 


07 
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SI No. | Load Support dial gauge reading Mid-span dial gauge readings Net 
applied in deflection A 
kN S1 S2 C1 C2 

01 

02 


From the graph, select W and A having straight line relation and find 
_ (23WĽ) 
(108 Ab d) 
where 


A = (Ac; + Ac2)/2 — (Ası + As2)/2 
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ANNEX B 
(Foreword) 


COMMITTEE COMPOSITON 
Stones Sectional Committee, CED 06 


Organization 


Indian Institute of Technology Delhi, New Delhi 


Central Public Works Department , New Delhi 


Central Soil and Materials Research Station, 
New Delhi 


Centre for Development of Stones, Jaipur 

CSIR - Central Building Research Institute, Roorkee 

Development and Research Organization for Nature, Arts 
and Heritage, Gurugram 


Directorate of Geology and Mining, Lucknow 


Federation of Indian Granite & Stone Industry, Bengaluru 


Geological Survey of India, Kolkata 


Gujarat Engineering Research Institute, Vadodara 


Indian Bureau of Mines, Nagpur 


Indian Institute of Technology Delhi, New Delhi 


Indian Institute of Technology Madras, Chennai 


Jaipur Metro Rail Corporation Limited, Jaipur 


Malaviya National Institute of Technology, Jaipur 


National Council for Cement and Building Materials, 
Ballabhgarh 


Representative(s) 


DR SHASHANK BISHNOI (Chairperson) 


SHRI M. K. MALLICK 


SHRI U. S. VIDYARTHI 
SHRI SACHIN GUPTA (Alternate) 


SHRI MUKUL RASTOGI 


DR ACHAL MITTAL 
DR RAJNI LAKHANI (Alternate) 


SHRI SANJAY DHAR 
SHRI NAVEEN KUMAR DAS 

SHRI R. P. SINGH (Alternate) 
REPRESENTATIVE 


SHRI DHRUBAJYOTI CHAKRABORTY 
SHRI RABISANKAR KARMAKAR (Alternate) 


SHRI R. M. PATEL 
Ms BEENAL RATHOD (Alternate) 


SHRI G. C. MEENA 


DR DEEPANSHU SHIROLE 
SHRI AMIT KUMAR (Alternate) 


DR MANU SANTHANAM 
DR ARUN MENON (Alternate) 


REPRESENTATIVE 
DR A. K. VYAS 
DR R. C. GUPTA (Alternate) 


Dr D. K. PANDA 
SHRI SANDEEP GUPTA (Alternate) 


Organization 


National Institute of Rock Mechanics, Ministry of Mines, 
Govt of India, Kolar 


National Institute of Technology Calicut, Kozhikode 


Public Works Department, Government of Tamil 
Nadu, Chennai 


School of Planning and Architecture, New Delhi 


Shriram Institute for Industrial Research, New Delhi 


Stone Technology Centre, Jaipur 


Tamil Nadu Minerals Limited, Chennai 


The Indian Institute of Architects, Mumbai 


The Institution of Engineers (India), Kolkata 


Unique Engineering Testing and Advisory Services, Surat 


In Personal Capacity (6/KA-16, Jawahar Nagar, Jaipur - 
302004) 


In Personal Capacity (B-208, Sushant Lok-1, Gurugram - 
122009) 


In Personal Capacity (Flat 119, Amulya Fortune Apartments 
Road Nol, Opp. Union Bank, Madhavapuri 
Hills, Chandanagar - 500050) 


BIS Directorate General 


Member Secretary 
SHRIMATI DIVYA S. 
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Representative(s) 


DR A. RAJAN BABU 
SHRI G. C. NAVEEN (Alternate) 


DR A. K. KASTURBA 
DR JAYA CHANDRAN K. (Alternate) 


SUPERINTENDING ENGINEER 
EXECUTIVE ENGINEER (GENERAL) (Alternate) 


HEAD OF DEPARTMENT 
SHRI SHUVOJIT SARKAR (Alternate I) 
SHRI MEHAR KUMAR (Alternate Il) 


DR MUKESH GARG 
SHRI RAMAN DHYANI (Alternate) 


SHRI K. VIKRAM RASTOGI 
SHRI VIKRANT V. RASTOGI (Alternate) 


REPRESENTATIVE 


SHRI DIvYA KUSH 
SHRI AJAY PURI (Alternate) 


SHRI V. K. GUPTA 
Dr A. GOEL (Alternate) 


SHRI HITESH H. DESAI 
SHRI NEHAL H. DESAI (Alternate) 


SHRI PRADEEP AGARWAL 


Ms BHAWNA DANDONA 


SHRI KOTA SITARAMANANJEYULU 


SHRI ARUNKUMAR S., SCIENTIST 'E'/DIRECTOR 
AND HEAD (CIVIL ENGINEERING) [REPRESENTING 
DIRECTOR GENERAL (Ex-officio)] 


SCIENTIST 'D'/JOINT DIRECTOR 
(CIVIL ENGINEERING), BIS 


Bureau of Indian Standards 


BIS is a statutory institution established under the Bureau of Indian Standards Act, 2016 to promote harmonious 
development of the activities of standardization, marking and quality certification of goods and attending to 
connected matters in the country. 


Copyright 


BIS has the copyright of all its publications. No part of these publications may be reproduced in any form without 
the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the 
standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to 
copyright be addressed to the Head (Publication & Sales), BIS. 


Review of Indian Standards 


Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the website- 
www.bis.gov.in or www.standardsbis.in. 


This Indian Standard has been developed from Doc No.: CHD 06 (21963). 
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